
22nd ICEPP Symposium(2/28-3/2)                              MITSUTAKA	
  NAKAO	
  ★	
  Page:1	


Commissioning of positron timing 
counter for MEG II experiment 

Mitsutaka Nakao 
(The University of Tokyo) 

G. Boca, P.W. Cattaeo, M. De Gerone, F. Gatti, M. Nishimura, W. Ootani, G. 
Pizzigoni, M. Rossella, M. Simonetta, Y. Uchiyama, K. Yoshida 



22nd ICEPP Symposium(2/28-3/2)                              MITSUTAKA	
  NAKAO	
  ★	
  Page:2	


Contents 

Introduction 
v μ+→e+γ and neutrino oscillation 
v MEGⅡ experiment: 3 numbers 

Timing 
Counter 

Pilot Run 2015  
and 

The Future 

v Numbers in Positron Pixelated Timing Counter 
v Time Calibration by Using Pulse Laser 
v Construction 
v Installation 

v Goals of Pilot Run 2015 
v Event Displays 
v Schedule 



22nd ICEPP Symposium(2/28-3/2)                              MITSUTAKA	
  NAKAO	
  ★	
  Page:3	


l Charged lepton flavour violation is 
still undiscovered. 

l   Br(μ+→e+γ) with neutrino 
oscillation is very low. 

 

μ+→e+γ and ν oscillation 
h1p://www.nobelprize.org/	
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The discovery of cLFV = New Physics!! 

l BSM(SUSY-GUT etc.) predicts larger Br=O(10-12)～O(10-14) 
 

(Nobel Prize 2015) 
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ATLAS vs MEG 

地図はGoogle Mapより、ロゴは各研究所HPより引用 
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MEGII Experiment: 3 numbers 
Search for cLFV(μ+→e+γ)  

with unprecedented sensitivity: 4 x 10-14 

ü  High-intensity frontier experiment 
ü  x 10 improvement from MEG 

1 

Improve every resolution 
by factor 2 

2 Physics data taking from  
2017 

3 
μ+ 

γ 

e+ 
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MEGII Experiment: 3 numbers 
Search for cLFV(μ+→e+γ)  

with unprecedented sensitivity: 4 x 10-14 

ü  High-intensity frontier experiment 
ü  x 10 improvement from MEG 

Improve every resolution 
by factor 2 

2 Physics data taking from  
2017 

3 

Today’s topic: 

1 

Up  
Stream 

Down  
Stream 
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Numbers in           Timing Counter Positron 
Pixelated 

512 pixelated 
scintillator counters 

ü  Fast Plastic Scintillator(BC422) 
ü  More than 6144 SiPMs(AdvanSiD) 
ü   6 series at the both ends 
ü  Calibration Accuracy 30ps w/ each counter   

 by using pulse laser and Michel decay positron 

12cm 

9 counter hits 
→can reach 30～40ps 
resolution using  
multiple hits 

×2 

1 2 

3 
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l  In order to know timeoffset of each counter, we plan to divide 
the same laser into each counter. 

l What enables 30ps time calibration? 
            → Laser Injection Scheme 

Time Calibration by Using Pulse Laser 
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Improvement in Reproducibility 

Old scheme New scheme 

l Reproducibility on timeoffset of laser insertion scheme is required 
because we have to inject and eject fiber during the operation 

Support 

Make a hole on 
scintillator 

Special screw to 
support top of 
laser fiber 

Just attach fiber 
onto scintillator with 
optical grease 
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Measurement Order
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Setup & Results 
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σ～5.0[ps] 

Test Counter 
σ～47[ps] 

Reference 
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σ～11[ps] 

Timeoffset[ps] ※Scale is the same 

Laser  
Controller LASER Light  

Splitter 

Sync. Pulse 

Reference 
(fixed) 

Test 
Counter 

Timeoffset is defined as the time 
difference from laser synchronized 
pulse. 

l  New scheme achieved required accuracy(30[ps]) 

Old  New 
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Construction 
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Resolution (ps) 

Mean 
40-mm 72.4 ps 
50-mm 77.5 ps 

SiPMs on PCB 
& Scintillators 

Couple scintillators and 
arrays w/ optical cement 

Hole  
making 

Wrap pixel 
with reflector 

Counter 
Test Shielding 

l  Counter assembly 

l   300 counters are produced and 
tested(Feb.2016) 
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128 Counters are installed  
for Pilot Run 2015 

Cabling & 
Insertion 

Installation 
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l  Detector 
p  Build ¼ detector 
p  Functionality of TC hardware 
p  Performance study vs. rate 

l  Electronics 
p  Test of integrated HV system 
p  Implementation of various trigger schemes 
p  Waveform & noise check 
p  Recording of waveform data 

l  Laser Calibration System 
p  Implementation of  laser calibration system 
p  Evaluate the accuracy of laser calibration system 

l  And ...... 
p  To find unexpected problems towards physics run 

Goals of Pilot Run 2015 
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Typical clean event with multiple hits 



22nd ICEPP Symposium(2/28-3/2)                              MITSUTAKA	
  NAKAO	
  ★	
  Page:15	


Event with multiple clusters 
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l  Detector 
p  Build ¼ detector 
p  Functionality of TC hardware → No dead channel 
p  Performance study vs. rate → 

l  Electronics 
p  Test of integrated HV system 
p  Implementation of various trigger schemes 
p  Waveform & noise check 
p  Recording of waveform data  

l  Laser Calibration System 
p  Implementation of  laser calibration system  
p  Evaluate the accuracy of laser calibration system → Work in progress 

l  And ...... 
p  To find unexpected problems towards physics run 

Goals of Pilot Run 2015 Dec. 
✔ 
✔ 

✔ 
✔ 

✔ 

✔ 

Several problems 
- missing clock synchronization 
- higher noise level than in lab(1.7mV→10mV) 

Work in progress and seems 
quite difficult to extract reliable 
time resolution 
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Schedule 

2015 2016 2017 ～ μ→ eγ  
Discovery 

Detector  
Construction 

Pilot 
Run 
2015 

Pilot Run 
2016 

Detector 
Installation 

Physics 
Run 

Analysis 

Engineering 
Run 

Timing 
Counter 

MEGII 

JPS@Tohoku Gakuin Univ. 



22nd ICEPP Symposium(2/28-3/2)                              MITSUTAKA	
  NAKAO	
  ★	
  Page:18	


Summary 

Introduction 

Timing 
Counter 

Pilot Run 2015  
and 

The Future 

v The discovery of  μ+→e+γ is New Physics. 
v MEGⅡ experiment: search for μ+→e+γ with 
unprecedented sensitivity from 2017. 

v Positron Timing Counter can achieve 30ps～
40ps time resolution. 

v Laser Calibration has successfully developed. 
v  300 out of 512 were produced and 128 were 
already installed. 

v Counter, HV and trigger worked well but for 
recording data. 

v  Analysis is ongoing and results will be 
presented in next JPS. 

v Next pilot run and full-installation follow. 
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Backup Slides 
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measurement order
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600mV 

600mV 

600mV 

-500    　   -400            -300 　     [ns]               
取得した波形 

CH1 CH2 

レーザーに同期したパルス 

Waveform 
Digitizer Laser  

Controller 

CH1 

CH2 

レーザーに同期したパルス 

l 各波形について、Heightの一定の割合の
ところをシグナルの時間とする
(constant fraction time)。 

11% ●	


シグナルの時間 

l  CH1の時間(t1)、CH2の時間(t2)、レー
ザー同期パルスの時間(tsync)を得る。 

l カウンターのヒット時間(thit)は、 
 

thit =
t1 + t2

2

h
Entries  11002
Mean   1.059e-07
RMS    4.811e-11

 / ndf 2χ  57.31 / 48
p0        7.5± 640.3 
p1        4.595e-13± 1.059e-07 
p2        3.307e-13± 4.776e-11 

trg-tcountert
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 / ndf 2χ  57.31 / 48
p0        7.5± 640.3 
p1        4.595e-13± 1.059e-07 
p2        3.307e-13± 4.776e-11 

(cftime[0]+cftime[1])/2-cftime[2] {cftime[0]<0&&cftime[1]<0&&cftime[2]<0}

① 

② 
③ 

④ 

t
timeoffset

=
t1 + t2

2
� t

sync

l カウンターの時間オフセット(toffset)は、 

で、これをガウシ 
アンでフィッティ 
ングする。 
 

カウンターの 
時間オフセット σ～50[ps] 
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再現性テスト 
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Concept 

l ファイバーとカウンターのカップリング
を次の2つで比較する。 

Ø 光学グリスなし 
Ø 光学グリスあり 
l 抜き差しを繰り返し、時間オフセットの
ばらつきをみる。 

l 温度変化やレーザーパワーによる変化を
相殺するため、メインカウンターと参照
カウンターの時間オフセットの差に注目
する。 

l 要請されるばらつきはσ < 30ps 

参照カウンターは寝か
せておく	


Reference  

Counter  

TOP VIEW  

メインカウンターは 
立てておく	
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Laser Calibration Test Setup 
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Laser  
Controller 

～
 

～
 

Long Fiber 
10m 

Waveform  
Digitizer LASER Mode 

Scrambler 

Light  
Splitter 
1×4 

Light  
Splitter 
1×8 

パワーメータを用いて 
レーザーパワーをモニターする 

c.f. 本番のセットアップ 

レーザーに同期したパルスを 
DAQのトリガーとして用いる。 

Long Fiber 
10m 

Mode 
Scrambler 

Counter 

レーザー 

Splitter 

ModCon 
Arden社 

Fiber tipe: 50µm 
Serial no, 3870	


Lightel Technologies Inc. 
Fiber Optic Coupler Module 

Multi Mode	


Multi mode fiber 
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Y.	
  Uchiyama@VCI2016	
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l  Time 
l  Gain 
l  Hit Position 
l  Counter Position 

Calibration Methods 
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Laser Event 
Laser Trigger 
(Laser-SYNC) 

8 counters with laser 
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Trigger 


